were attractive candidates because numerous studies
Independently of Muscle We have found, in both developing chick and mouse
The intimate association of Tcf4-expressing cells with limbs, that Tcf4 is expressed in the lateral plate-derived muscle suggests thatTcf4 expression could be induced limb mesoderm in a muscle-specific pattern and apin limb mesodermal cells by neighboring myogenic cells, pears to be an early marker of the muscle connective or alternatively could be established independently of tissue. We show by analysis of muscleless chick and muscle. To determine whether Tcf4 expression is demouse limbs that this Tcf4 expression in a musclependent on muscle, we examined Tcf4 expression in specific pattern occurs independently of muscle. Furmuscleless limbs. In the chick, muscleless limbs were thermore, experiments in the chick either activating the created surgically by removing young limb buds, before Wnt-␤-catenin pathway or disrupting TCF4 activity demmigration of myogenic precursors into the limbs, and onstrate that TCF4 function in these limb mesodermal growing these in isolation from myoblasts within the cells is important for determining where myogenic precoelomic cavity of host embryos. Figures 1N and 1O ). In addition, section in situ limb mesodermal cells. To accomplish this, we injected replication-defective vectors, either retroviral RISAP or hybridization analysis of developing mouse limbs reveals that, as in chick, mTcf4 is similarly expressed in adenoviral ADENO, which contained constructs either To test whether TCF4 and the Wnt-␤-catenin pathway plate-derived cells is required for adjacent muscle differentiation and patterning, we misexpressed in these cells in the lateral plate-derived limb mesoderm is sufficient to direct muscle formation, we ectopically activated the an adenovirus containing a dominant-negative (dn) form of Tcf4 in which just the DNA binding domain is fused pathway by infecting the limb mesoderm with RISAP expressing an N-terminal deleted, constitutively actito the engrailed transcriptional repressor domain. In two of eight embryos examined with high levels of infection vated (act) form of ␤-catenin. This constitutively activated form of ␤-catenin both binds and activates TCF4.
with ADENO dnTcf4en, a loss of differentiated myotubes was seen associated with regions of high concentrations Cells infected with the RISAP act ␤-catenin virus were either identified by AP staining or by staining with an of AP-positive lateral plate-derived cells (Figures 3J and 3K versus Figures 3H and 3I ). This loss of myotubes antibody (3C2) that recognizes an antigen encoded by the vector. In seven of eight embryos examined with resulted in truncated muscles (arrows in Figure 3J versus Figure 3H ). In addition, the local lack of myotube high levels of infection, local regions with high concentrations of AP or 3C2-positive mesodermal cells conformation in small regions with high amounts of virus caused muscles to be misshapen, with myotubes seemtained ectopic patches of differentiated myotubes in regions where myotubes normally do not differentiate ing to avoid pockets of infected cells (asterisk in Figure  3J versus Figure 3H ). The relatively low efficiency of ( Figures 3C and 3D versus Figures 3A and 3B) . Such ectopic muscles were found in the dorsal and ventral muscle disruption with the replication-defective adenovirus was expected, as noninfected cells adjacent to thigh and shank regions (the foot was not examined), and the density of ectopic myotubes in these regions infected cells continue to express full-length Tcf4. We therefore confirmed this result with replication compewas roughly equivalent to that in adjacent normal muscle. The boundary of ectopic muscles formed generally tent retroviral, RCAS(BP) A and B, versions of this virus, which would lead to widespread limb infection, although corresponded remarkably precisely to the boundaries of limb mesodermal cells infected with virus expressing not confined to lateral plate derivatives. In seven of nine limbs with high levels of RCAS(BP) A and B dnTcf4en, act ␤-catenin (Figures 3D and 3F) . We also observed ( Figure 3G and data not shown) that Tcf4 expression there was loss of muscle. Strikingly, in six limbs examined ( Figure 3M versus Figure 3L ), one particular ventral was upregulated in the limb mesodermal cells infected with the act ␤-catenin virus (but was not expressed in thigh muscle (caudofemoralis pars caudalis) was completely absent. In two limbs, the ventral thigh and shank the neighboring myotubes). We tested whether ectopic muscles were smaller and slightly disorganized. It is close association with all limb muscles. At later stages in the chick, Tcf4-expressing cells remain adjacent to likely that the ventral muscles are more highly affected than the dorsal muscles because they, in general, form muscle and appear to express collagen I, an early marker of muscle connective tissue (Shellswell et al., 1980) . later (Kardon, 1998), and so are more likely to be differentiating in the presence of limb mesodermal cells fully These data suggest that the Tcf4-expressing population gives rise to the muscle connective tissue of the limb infected by virus. Similarly, the caudofemoralis pars caudalis muscle is probably the most severely affected bemuscles. In the adult, the muscle connective tissue ensheaths muscle fibers (endomysium), binds groups of cause it is the last muscle to form in the thigh (Kardon, 1998; Schroeter and Tosney, 1991). To test whether misfibers into fascicles (perimysium), and surrounds whole muscles (epimysium), and is thought to be important for expression of the dnTcf4en adenovirus within just myotubes might alter muscle patterning, we also infected transmitting muscle contractile force (Sanes, 1994 Figure 4C ), to induce myogenic precursors to differtern in the lateral plate-derived mesoderm is indepenentiate into myotubes within these particular regions dent of muscle. Moreover, our misexpression studies in of the limb ( Figure 4D ). Each of these local regions of the chick demonstrate that TCF4 activity is necessary myotube differentiation serves as the nucleus for a fuand ␤-catenin activity is sufficient in lateral plate-derived ture anatomical muscle. Therefore, the pattern of Tcf4 cells for specifying where myogenic precursors differenexpression within the limb mesoderm serves as a temtiate and thus the pattern of limb muscle formed. This plate that determines the pattern of muscles formed in strongly implicates an endogenous ␤-catenin-TCF4 the limb. pathway in this process. Tcf4 is also expressed in a muscle-specific pattern, independent of muscle in
Experimental Procedures
mouse. An initial analysis of Tcf4 Ϫ/Ϫ mice (in collaboration with H. Clevers) has not revealed any obvious limb 
